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AP DUNG HE SUY DIEN MO DUA TREN MANG THICH NGHI PE XU/
LY TRI THUC TRONG DU BAO THI TRUONG CHUNG KHOAN

Truong Hai Biing .
Trung tdm phat tri€n Céng nghé Théng tin — Pai hoc Quéc gia Tp. H6 Chi Minh
(Bai nhdn ngay 12 thdng 11 ndm 2001, hoan chinh sita chita ngay 06 thdng 12 nam 2001)

TOM TAT: Bai bdo gidi thiéu mdt ng dung cla cong cy mdy hoc trong diéu khién tai
chinh. St dung cdc hé thong minh trong du bdo tai chinh cé ¥ nghia thuc ti&n rat 1dn, dic
biét trong linh vyc thi trudng chiing khodan. Md hinh s dung 12 Hé suy dién md dua trén
mang thich nghi. K&t qiia thyc nghiém trén dit liéu cda thi trudng ching khodin New York
(NYSE) rat ding tin cdy, tuy nhién thdi gian huin luyén md hinh. phu thudc vio c&u hinh
cta hé théng mdy tinh.

1. Gidi thiéu
Cdc cong nghé mdy hoc 1a mdt trong nhitng cdch ti€p cdn mdi trong linh vuc tdi chinh goi 1a
diéu khién hoc tai chinh (Financial Cybernetics-FC). K&t qua nghién ctu va thuc nghiém da
dua ra nhitng k€&t qiia quan trong. [3], [4], [8]. '
Diac diém chinh cla cédc ki thuit nay trong tai chinh 1a xi 1y tri thitc va vAn dung ching vio
cdng tdc dy bdo. Bai bdo trinh bay mdt cdch ti€p cdn dung 1di th€ cia cd 2 phuong phdp
(mang thich nghi va hé suy dién md) trong viéc xdy dung md hinh du dodn — goi 1a hé lai(
Hybrid System).
Hé suy dién mo dya trén mang thich nghi(Adaptive Network based Fuzzy Inference System ) sit
dung ludt hoc lai dé xdy dung cdc ham thanh vién va sinh ra tdp cdc lud@t mo if then nhim
xdp xi mot tdp dit liéu mong mudn.

2. Bai toan du bao chitng kho4n:
Trong linh vyc ching khodn cdc nha ddu tv cd phi€u phai nim viing cdc vAn dé bin chit
clia viéc phan tich va du bdo gid cd phi&u, vdi myc tiéu 12 dua ra dy bdo vé gia cd phi€u va
xu hudng gid 6 phi€u trong tudng lai, tim kha niing sinh 13i cao dé di dén quyét dinh diu tu
c¢d phi€u ¢ hiéu qlia nhat.
Pau tur chitng khodn vdi tinh chit sinh 10i va rii ro cao, nha diu tu thudng st dung mét lugng
ti€n khd 16n dé kinh doanh ching khodn do d6 ho rdt quan tim dé&n di&n bi€n gid cd phicu.
Né&u dy bdo diing s& mang lai thanh cdng 16n, ngugc lai s& bi thit bai c6 khi din d&n phé
san. Chinh vi vdy phﬁn tich ¢§ phi€u di trd thinh mdt nganh khoa hoc va ¢6 xu hudng ngay
cang phat trién.
Bai bdo dp dung hé suy dién md dya trén mang thich nghi d€ xt 1y tri thic trén dit liéu lich
st - du bdo dif liéu tudng lai. K&t qia thit nghiém thanh cong trén dit liéu cda thi trudng
chiing khodn NYSE va ching t6i dang ti€p tuc trién khai md hinh trén thi trudng chiing
khoan Viét nam.

3. Cdsd 1y thuyét:
3.1. Luat md if-then va hé théng suy dién ma:
3.1.1. Luat md if then takagi sugeno’s
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Céc ludt dudc st dung trong hé ANFIS c6 dang:
Rule 1: If xis Ay and yis By, then f] = PlY+HqLYHTY 1y
Rule 2: If x is A2 and y is B2, then f2 = p2x+q2y+r2, (2)
Trong d6: :
X va ycéc bién input.
Aj and Bj 1a cdc tdp md tudng ng trong cdc ham thanh vién.
fi1a bi&n output.
Pi, gj, rylacdc tham so két luan.
3.1.2. Hé suy dién md: ,
Nhifng hé suy dién md cdn duge goi 12 nhiing hé thdng dua trén luat md, didu khién ma.
Mot hé suy luin md bao gém nim phin cd ban:

Co s tri thite

oo [[ossin] ]

B& tao
quyét dinh .

Hinh 1. Hé suy dién mJ
Co'sd lugt. gdm nhitng ludt md if-then.
*  Co'sd dif li¢u. x4c dinh cdc ham thanh vién cho cic tip m& dudc s dung trong nhitng
ludt mag.
* B¢ tao quyét dinh: thyc hién nhiing tic vu suy lun trén nhitng luidt mg.
= B¢ md héa: chuyén nhitng gis tri ddu vao ro sang mifc d9 md ctia nhitng bi€n ngit nghia.

* B¢ gidi mé: chuyén nhitng k&t qua mJ cda su suy ludn sang nhitng két qua rd.
3.2 Hé suy dién m& dya trén mang thich nghi
1. Mang thich nghi: cdu triic va ludt hoc co bdn

i[‘][_‘lllt output
P vector
%l yl
x2 y2

Hinh 2. Mang thich nghi
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Mang thich nghi 12 m6t mang tién nhiéu 16p ma mdi nit thuc hién mot chic ning cu thé va
mdi niit c6 mdt tAp cdc tham s& (mit ndy dudc goi 12 nit chifc ning). Bin chit cda mdi nit
chifc ning khdc nhau, vd viéc chon nit chitc ning phu thudc vio ham tdng hgp vao ra ma
mang thich nghi nay thuc hién. Pudng lién két trong mang thich nghi chi xdc dinh hudng
truyén clia tin hiéu giita cdc mit, khdng c6 trong s6 trén cdc dudng lién két.

3.3. Kié&n triic hé suy dién md dya trén mang thich nghi

Aa
Wi 1= px gy 4,
) £ fos w1,
Az Wy + W,
f.\ ) S wy  fp=ppx +qy 41, =W+ W,

(a)

layer 2 layer 3 !

Hinh 3. Kién tric hé suy dién md dua trén mang thich nghi

T4ng 1: mdi nit i trong tAng ndy 12 nit vudng véi ham: O =p Ai(X)
Vdi x 12 input clia node i, va A;1a bi€n ngdn ngit (nhd, 16n,..) clia ham nay. N6i cdch khédc
0!, 12 ham thanh vién cda A; va né xdc dinh mifc do x thudc vé A, Thdéng thudng ta chon p
i () 12 ham chudng vdi gid tri cuc dai 1a 1 va gid tri cuc tiéu 12 0
Hay ham Gaussian: _(a=sya
pa(z)=e > =7, (3)
Vdi [ai, bi, ci] (hay ai, ci) trong trudng hgp ham Gaussian) 1a tip tham s3. Khi nhitng gid tri
clia tham s thay d&i, ham chudng sé& thay déi theo tao nén ham thanh vién ctia nhém ngit
nghia Ai.
L4-[({a= )t 4)
Céc tham sd trong tAng nay dugc goi 1a tham sd gid thi€t. (thudc phan gia thi€t)
T4ng 22 Mbi mit trong tang nay 1a nit hinh trdon (ky hiéu I )gid tri dua ra s€ 1 tich cia cdc
tin hiéu dau vao.
Wi=pai(x) X pmi(y),i=1,2.
MB3i gid tri ddu ra clia mit 13 gid tri ddu vao cla lut. (thit ra todn t& T — norm thuc hién
phép AND tdng qudt cé thé duge sit dung & day)
T4dng 3: Mdi ting trong 16p nay 1a mit hinh trdn (ky hiéu Ny, Nt thif i tinh ty s§ cia dau
vao luat cla luat thit i véi tdng gid tri ddu vao ludt: ™= G r e’ ™ L& (5)
DE tién, ta goi cdc gid tri ddu ra cla 16p nay 1a gid tri ddu vao ludt duge chudn héa.
T4ng 4 mdi nit I trong ting nay 14 nit hinh vudng véi '
Oi(x) = Wi fi = wi(pr1 + quy + 1) (6)

fAA, (Z!-') =
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Vi Wi la gid tri ra ctia 1dp 3 va [p;, q;, 1;] 12 tip cdc tham sd trong 16p nay, dude goi 1a tham
s0 k&t luan

T4ng 5 mé&i niit trong tAng nay I nit hinh trdon (ky hiéu %), tinh tdng cda tat ca cdc gid tri

vae O3(2) = overall output = Z‘:u‘uﬁ = “E::":,{‘ )
3.4. Luat hoc lai
Mic di ta c6 thé st dung phudng phap gradient d€ x4c dinh tip tham s& trong mang thich
nghi, phwong phép nay néi chung chdm va thudng rdi vao cuc ti€u cuc bd. G day dé nghi
mét ludt hoc hdn hoc k&t hgp phuong phdp gradient va phudng phdp udc lugng binh phudng
t6i ti€u (LSE) d€ xdc dinh tip tham s&.
D& don gidn, gid st ring mang thich nghi chi ¢6 mot ddura:  output = F(I,8), (8)

Vi I: tap ddu vao.

S: tip tham s6 clia mang.
Néu ton tai mot ham H sao cho ham tich HoF 13 tuyé&n tinh theo mot s§ phén ti¥ cda S, thi
nhiing phin t¥ ndy duge xdc dinh bdi phudng phap binh phudng t5i tiéu.
Gia st S c6 thé phanrd thanh 2 taip S; va Sy:

S=S:1® S, (ki hiéu @: la tdng tryc tiép) 9)
va gid sit HoF 12 tuy€n tinh véi cdc phin ti¥ trong tdp Sy, ta c6:
H(output) = H(F(I,5)), - (10)

Cdc ham H () va F(,,.) 12 ham ddng nha't va ham chic ning cia hé théng.
Tt cdu tric ANFIS loai 3 (hinh 3) § trén, c6 thé thdy ring cho trude gi tri tham s& gid thiét,
gid tri ra cudi cling ¢ thé bi€u dién 1 t§ hgp tuyén tinh clia nhitng tham s6 k&t luan. Chinh
xdc hon, gid tri ra f cda hinh 3.b dudc vi€t nhu sau:
f= i fi+ 1 fo = (2)p + (D1y)gs + @01)rs + (Ba2)pa + (Fap)gz + (Wa)ra, )

La 5 hgp tuy€n tinh cdia cdc tham s6 két ludn (pl, ql, rl, p2, q2,12). Ta c6:

S= tdp tat cd cdc tham s6.

S;i=tép céc tham s6 gid thiét.

S,=tép cdc tham s& k&t ludn.
Viy gidi thudt hoc hén hgp § trén duge dp dung vao md hinh ANFIS mot cdch truc tiép. O
budc di tdi clia gidi thudt hoc, tin hiéu dugc truyén tdi ting 4 va cdc tham s k&t ludn duge
xdc dinh bing LSE & budc di lui, ty 1& 18i dudc lan truyén nguge va tham sd gid thi€t dudce
cép nhit bing phuong phdp gidm gradient. Bang sau tdng hdp céc tdc vu trong mdi bude:

Téng hgp thi tuc hoc lai cia ANFIS.

PHA PITOI | PHA PILUI
THAM SO GIA THIET | C6dinh | Gidm gradient

THAM SO KET LUAN LSE C#& dinh
TIN HIEU Gid trira Téc do 15i

3.5. Xdc dinh tham s& hgc thich nghi

Sau khi s6 ham thanh vién dugc gan c6 dinh cho mdi input, cdc gid tri khdi tao cla cdc tham
sO gia thi€t qua ham thanh vién trong mién gid tri clia cdc bign input. V4i mot gid tri cho
trude x clia mdt input trong mién tinh todn ching ta luén tim diude mot bi€n ngdn ngit A sao
cho: pa(x)>=¢
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Theo cdch nay hé suy di&n md c6 thé tao ra sy bi€n ddi min va vita dd sy chdng 14p gita céc
bi€n ngdn ngit.

Tham s6 hoc k dnh hudng dén tdc d hoi tu. N&u k nhd c6 thé x4p xi sdt vdi dudng gradient
nhung hoi tu chdm va t6n thdi gian. Nguge lai néu k 16n thi sy hoi tu s& nhanh nhung gidi
thuat s& dao dong xung quanh di€m t6i wu. Biing sy quan sdt ching ta cdp nhdt k theo hai
Heuristic sau:

Lbi

2. Néu do do 1di tdng gidm sau 2 budc lién tiép thi gidm k 10%

(Piém B).

S

epochs

-

Hinh 4. X4c dinh tham s6 hoc thich nghi

4. K&t qua thd nghiém
4.1. Xay dung hé théng:

® [nput: Md hinh ANFIS dudgc st dung trong chuong trinh gém ¢6 5 Input, 6 ham thanh
vién cho mdi input 1a:
Open Price: 3 ham thanh vién
Close Price: 3 ham thanh vién
High Price : 3 ham thanh vién
Low Price : 3 ham thinh vién
Volume  : 5 ham thanh vién
®  Output: mot Node output 1 gid mé cira ciia ngay k€ tiép.
M6 hinh ANFIS dudc st dung trong hé thdng thit nghiém gdm 405 luat. S ham thanh vién
cho 4 input ddu Ia 3, s§ ham thanh vién cho input thit 5(Volume) la 5. Su bi€n ddi gid ching
khodn 12 1&n, xudng va phéng ling cho nén s6 ham thanh vién dugc chon cho dif ligu INPUT
nay 12 3. trong khi d6 s& phién giao dich (Volume) ¢6 nhiéu mic thay ddi nén s§ ham thanh
vién dudc chon 12 5.
o S6 ludt dudce tinh theo cdng thifc :

Iy

Rulen= [[ M (13)
=1

Trong d6 In 1a s& node input, Mf; 12 s& ham thanh vién cho méi input.
o Tong s6 Ludt duge tinh 1a: SumRule = 3*3*3%*3*3%*5=405
o Tdng s6 node dudc tinh: SumNode=In+3*Rule+1
o L3&iclia hé thong dugc xdc dinh 12 loai 16i APE (Avarage Percentage Error)
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Pugc xay dung theo cOng thic:

|
APE = gvarage percentage error = — S l
s =1

(6)-06)|
O I

(14)

Trong d6 T(i) va O(i) la output thuc va output mong mudn & ting thi I

P 12 s8 cip.

Chuong trinh dudc cai dit bang JBuilder 4.0 vdi s6 diu vao 3-3-3-3-5 va tdp huan luyén

160 miu trong 1000 1an hudn luyén (Epochs) thdi gian thyc hién trén may PIII-500Mhz

[ ]

1a 91 gids.
[ ]

nhé hon 0.1%.
®

Chudng trinh cai dit dugc thit nghiém trén nhiéu tdp dif liéu khdc nhau, cdc két qua 16i

Tap dit liéu dudc 1dy tir thi trudng ching khodn NYSE (New York Market Stock

Exchange) tai website: Historical Quotes: http://www.chart.yahoo.com/t
o Dif liéu hudn luyén : nim 1997-1998
o Dif liéu thd nghiém : nim 2000-2001

K&t qia thit nghiém dudc trinh bay theo cdc hinh sau
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Hinh 7. K&t qui thit nghiém trén 126 miu Hinh 8. Man hinh dang huin luyén
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4.2. K&t qlia cdc ham thanh vién duge x4y dyng sau khi hudn luyén:

Bao gdm 17 ham thanh vién biéu dién 17 tdp mo (Ag, Azy.., A1g)
Dang ciia ham chuéng vdi cdc tham sé a, b, ¢ :BelKa,b,c)
Ao = Bell(-0.0033747478129707684,1.9417796848874347,-0.06711334973915942)

A5 = Bell(-6.992510287330894E-4,1.991876282521868,0.7754947984009342)

Ajs = Bell(-4.0703969035741555E-5,1.995542963498856,1.0589708324585527) \

4.3. K&t qua cdc luidt md if-then thujc dang takagi va sugeno’s dugc sinh ra sau khi
huén luyén:

Dang ludgt mo: IF X 1S A, VAYISB;, THENF, =P, X + Q;Y + Y1

Vi s6 ddu vao 3-3-3-3-5 mang huén luyén sinh ra gém 405 luit

L1: IF Xy IS Ay AND X, IS A; AND X, IS Ag AND X3 IS Ay AND X4 IS A;; THEN Fy =
0.0011453629394387853*x0 + 0.0011530392661884305*x1 + 0.0011522859879044176%x2 +
0.0011565500766982566*x3 + 0.0010868310274179292*x4 + 0.001232562933312129

L2: IF X, IS A0 AND X, IS A3 AND X, IS Ag AND X3 IS Ag AND X4 IS A3 THEN F; =
0.07771280614558163*x0 + 0.08190761779624192*x1 + 0.0813912960096475*x2 +
0.08359672117337053*x3 + 0.04561045489150418*x4 + 0.11947056624482104

5. Ddnh gia hé thong

5.1. Un diém. ,
o Bing cich sif dung gidi thudt hoc lai, ki€n tric ANFIS c6 thé tinh chinh dua ra cdc
ludt md If then thay vi ching dudc cung cdp tif cdc chuyén gia trong cdc hé thdng
phtc tap.
o N&u khong c6 sin tri thiic clia cdc chuyén gia, chng ta c6 thé khdi tao cdc ham
thanh vién bang truc gidc hgp 1y va bit ddu qua trinh hoc dé sinh ra tap cdc luit mJ
if then nhim x4p xi mét tap dit liéu mong mudn.

0 S dung gidi thudt hoc lai 1am cho he théng hoi tu nhanh nhung van ddm bdo do
chinh x4c mong mudn.

o Van dé x4c dinh s& node 4n khong yéu ciu ditra.

5.2. Han ché
o Hé thdng ANFIS chi c6 mot output vi viy chi dugc 4p dung trong cdc hé thdng x4p
xi hodc du bdo clia cdc ham phi tuy&n chi ¢6 mét output,
0 S8 ham thanh vién dugc k&t hdp véi mdi input dude gan tit thdi diém ban diu, trong
qud trinh hudn luyén khong diéu chinh dugc. Van dé chon ham thanh vién déng vai
trd quan trong trong viéc xiy dung hé thong ANFIS.

6. K&t ludn va hudng phét trién
Bii bdo trinh bay mdt Wng dung cta hé thdng lai trong quan tri tai chinh, cu thé 1a du bdo
gid chitng khodn. :
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Hy vong rang md hinh ndy trong twong lai s& dugc phét trién thanh dng dung trong linh vyc
quan tri tai chinh néi chung cling nhu di€u khi&n tai chinh néi riéng. Cdc hudng phat trién
trong tuwong lai la: ‘
o St dung md hinh ANFIS phat trién cdc @ng dung trong dy bdo tai chinh: Ty gid hoi
dodi, du bao v3 nd doanh nghiép...
o Nghién cifu cic md hinh khéc trong hé thdng thong minh 4p dung vao linh vuc quin
tri tai chinh.
o Phdt tri€n ¢ing dung vao du bdo thi trudng ching khodn Viét nam.
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APPLICATION ADAPTIVE-NETWORK-BASED FUZZY INFERENCE
SYSTEM FOR PROCESSING KNOWLEDGE IN STOCK MARKET
PREDICTIONS

Truong Hai Bang
Vietnam National University-HCMC
Center for Information Technology Development
(Received 12 November 2001, Revised 6 December 2001 )

ABSTRACT: Paper deals with the application of machine learning tools in Financial
Cybemetics. The use of intelligent systems in foreacast financial application as e.g. stock
market predictions is very actual topic. Model used Adaptive Network Based Fuzzy Inference
System. Experiment results on New Jork Market Stock Exchange New Jork (NYSE) are
promising and there are only computational limitations for this goal.
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